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Abstract: This paper provides a systematic study of supergravity contributions
relevant for inflationary model building in Jordan frame supergravity. In this frame-
work, canonical kinetic terms in the Jordan frame result in the separation of the
Jordan frame scalar potential into a tree-level term and a supergravity contribution
which is potentially dangerous for sustaining inflation. We show that if the vac-
uum energy necessary for driving inflation originates dominantly from the F-term
of an auxiliary field (i.e. not the inflaton), the supergravity corrections to the Jor-
dan frame scalar potential are generically suppressed. Moreover, these supergravity
contributions identically vanish if the superpotential vanishes along the inflationary
trajectory. On the other hand, if the F-term associated with the inflaton dominates
the vacuum energy, the supergravity contributions are generically comparable to the
globally supersymmetric contributions. In addition, the non-minimal coupling to
gravity inherent to Jordan frame supergravity significantly impacts the inflationary
model depending on the size and sign of this coupling. We discuss the phenomenol-
ogy of some representative inflationary models, and point out the relation to the
recently much discussed cosmological ‘attractor’ models.
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1 Introduction
The paradigm of cosmic inflation [1–3] is by now well established in early universe
cosmology, showing a remarkable success of the simplest single-field slow-roll infla-
tion models when compared with the recent Planck data of the CMB fluctuations [4].
Typically, inflation is assumed to have occurred at some very high energy scale and
in its simplest realization, a single scalar field is responsible for its dynamics. Su-
pergravity [5], arising also as the low energy limit of string compactifications, is a
promising theoretical framework to describe inflation: providing numerous (com-
plex) scalar fields potentially suitable for inflation, it also consistently accounts for
the Planck-suppressed corrections to global supersymmetry, which can no longer be
simply neglected at the high energy scales of inflation.
On the one hand, these supergravity contributions represent a challenge for in-
flationary model building, potentially spoiling the flatness of the scalar potential
required for slow-roll inflation. The η-problem of F-term inflation (with minimal
coupling to gravity) is a well-known example of this problem [6, 7]. On the other
hand, inflation models with a non-minimal coupling to gravity have recently received
a lot of interest, e.g. in the context of Higgs inflation [8] and so-called attractor mod-
els [9]. A key observation is that including the non-minimal coupling to gravity,
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many inflation models with very different scalar potentials asymptotically approach
the same unique predictions for the spectral index ns and the tensor to scalar ratio
r, which moreover lie right in the sweet spot of the recent Planck data [10–19]. Such
a non-minimal coupling to gravity is a characteristic feature of supergravity in the
Jordan frame [9, 20–24].
In this work we systematically classify the supergravity contributions to Jordan
frame inflation models. Starting from the framework of canonical superconformal
supergravity (CSS) models suggested in [25], characterized by canonical kinetic terms
in the Jordan frame and an approximate conformal symmetry, we determine the
generic properties of supergravity contributions to the Jordan frame scalar potential,
as well as the resulting contributions to the Einstein frame Lagrangian. This enables
us to disentangle two important supergravity effects: contributions to the (Jordan
frame) scalar potential which typically come in powers of φ/Mpl yielding dangerous
corrections at large field values and contributions to the kinetic term in the Einstein
frame, which in many cases lead to a flattening of the potential, favourable for slow-
roll inflation.
Our analysis reveals that the CSS models provide a powerful model building
framework to control supergravity contributions. If the vacuum energy driving infla-
tion is dominated by the F-term associated with the chiral multiplet of the inflaton,
the supergravity contributions become comparable to the globally supersymmetric
contributions but do not necessarily dominate at large field values. If the F-term
of the inflaton field is subdominant, the dangerous supergravity contributions to
the scalar potential are generically suppressed at large field values compared to the
contributions from global supersymmetry. We further investigate under which condi-
tions these generic supergravity contributions to the (Jordan frame) scalar potential
vanish, finding (for single-field inflation) that this can only be achieved if the F-term
of the inflaton is subdominant and if the superpotential vanishes along the inflation-
ary trajectory. Turning to the kinetic term in the Einstein frame, we generalize the
results obtained in the context of α-attractors [23], demonstrating that non-canonical
kinetic terms lead to an exponential flattening of the potential if the functional de-
pendence of the Jordan frame scalar potential and the non-minimal coupling to the
Ricci scalar on the inflaton field are adjusted accordingly. The combination of the
(mildly broken) conformal symmetry inherent to CSS models in combination with
specific choices of superpotentials allows for inflation models in agreement with cur-
rent observations.
This paper is organized as follows. After a brief review of supergravity in the
Jordan frame in Sec. 2, introducing in particular the framework of CSS models, we
turn to the supergravity contributions to the Jordan frame scalar potential in Sec. 3.
In Sec. 4 we derive the conditions under which these generic contributions vanish. We
demonstrate that for (effective) single-field inflation these conditions are equivalent
to the requirement of a vanishing superpotential along the inflationary trajectory,
and illustrate these results by applying them to some well-known inflation models:
Monomial inflation, hybrid inflation and tribrid inflation. The details of the latter
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are left to App. A. In Sec. 5 we turn to supergravity contributions in the kinetic
term in the Einstein frame, shedding light on the feature of ‘attractor’ models in
this set-up. Sec. 6 discusses two explicit examples in which all the above effects are
illustrated. We conclude in Sec. 7.
2 Supergravity in the Jordan frame
A supergravity model in N = 1 and d = 4 is most commonly described in the
Einstein frame where the matter part is minimally coupled to gravity, and the scalar
and gravitational parts of the Lagrangian density relevant for inflation are determined
by the superpotential W and the Ka¨hler potential K [5]
LgravE + LscalE =
√−gE
(
1
2
R(gE)M2pl + gµνE Kαβ¯(∂µzα)(∂ν z¯β¯)− VE
)
, (2.1)
with the metric gµνE , the Ricci scalar R and the field-space metric Kαβ¯ = ∂α∂β¯K,
obtained by taking the respective derivatives of K with respect to the matter fields
zα and their conjugates z¯α¯, α = {1, 2, . . . }. VE denotes the scalar potential, and for
the purpose of this paper we will focus on the F-term contribution,
V FE = e
K/M2pl
[
Kαβ¯DαWDβ¯W¯ −
3|W |2
M2pl
]
. (2.2)
Here DαW = Wα +WKα/M2pl with the subscripts denoting partial derivatives with
respect to zα, ∂αY = Yα. K
αβ¯ is the inverse of Ka¨hler metric Kαβ¯. The exponential
factor in Eq. (2.2) is the source of the usual η-problem in supergravity inflation, which
needs to be overcome when constructing inflation models in supergravity [6, 7]. This
may be achieved by either imposing a symmetry in the Ka¨hler potential [26, 27],
or tuning the model parameters [28].1 Additional contributions to the η-parameter
arise from the other terms of the F -term scalar potential, and these typically depend
on the form of the superpotential during inflation.
On the other hand, a N = 1, d = 4 supergravity model may also be considered
in a Jordan frame characterized by a frame function Φ(zα, z¯α¯). In this case, the
gravitational and the scalar parts of the Lagrangian density read [11, 25, 30]
LgravJ = −
√−gJ 1
6
Φ(z, z¯)R(gJ) , (2.3)
LscalarJ =
√−gJ
[(
ΦKαβ¯
3M2pl
− ΦαΦβ¯
Φ
)
gµνJ (∂µz
α)(∂ν z¯
β¯)− VJ
]
. (2.4)
We note from Eq. (2.3) that the matter fields zα are non-minimally coupled to gravity.
A conformal transformation allows us to switch from a Jordan frame to the Einstein
frame Lagrangian of Eq. (2.1):
gJµν = Ω
2 gEµν where, Ω
2 = −3M
2
pl
Φ
> 0 . (2.5)
1As an alternative solution to η-problem, please see [29].
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In particular, the Jordan frame scalar potential is related to the scalar potential in
the Einstein frame as
VJ =
Φ2
9M4pl
VE . (2.6)
If Φ = −3M2pl the transformation is trivial; this particular Jordan frame represents
the Einstein frame.
Non-trivial Jordan frame inflation models are characterized by a non-minimal
coupling of gravity to the inflaton field, a feature which has recently received a lot of
interest in the context of Higgs inflation [8, 10, 11]. Moreover, the Jordan frame has
intriguing properties from a more conceptual point of view. As was demonstrated
in Ref. [30], the usual formulation of supergravity can be obtained by starting from
a larger symmetry group, namely the superconformal group, and gauge-fixing the
additional degrees of freedom. This approach naturally leads to Jordan frame super-
gravity models, which can then be translated to the Einstein frame by a conformal
transformation. All inflationary observable quantities are frame independent, and
can be calculated in either the Jordan or the Einstein frame [31, 32]. However, the
simplicity of a given model may be obscured depending on the frame used.
A class of models inspired by this approach are the canonical superconformal su-
pergravity (CSS) models, cf. Ref. [25], which feature an intriguingly simple structure
in the Jordan frame. They are characterized by the choice
Φ(z, z¯) = |z0|2 + δαβ¯zαz¯β¯ 7→ −3M2pl + δαβ¯zαz¯β¯ , (2.7)
K(z, z¯) = −3M2pl ln
(
− Φ(z, z¯)
3M2pl
)
, (2.8)
with z0 7→
√
3Mpl denoting the gauge-fixing of the conformal compensator field.
Eqs. (2.7) and (2.8) lead to
Kαβ¯ = −
3M2pl
Φ
(
δαβ¯ −
ΦαΦβ¯
Φ
)
, (2.9)
and hence Eqs. (2.3) and (2.4) become
1√−gJL
grav + scal
J =
1
2
M2plR(gJ)︸ ︷︷ ︸
pure SUGRA
− 1
6
M2plR(gJ) |z|2 − δαβ¯ gµνJ (∂µzα)(∂ν z¯β¯)− VJ︸ ︷︷ ︸
superconformal matter
.
(2.10)
This Jordan frame Lagrangian shows several remarkable features. For a suitable
(scale-invariant) scalar potential, the matter sector features a superconformal sym-
metry. This in particular includes invariance under local conformal transformations,
gµν → e−2α(x)gµν , z → eα(x)z , z¯ → eα(x)z¯ . (2.11)
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The first term in Eq. (2.10) breaks this symmetry [33], which can be traced back to
the fixing of the conformal compensator. The kinetic terms of the matter fields zα
are canonical2 and the F-term scalar potential can be expressed as [34, 35]
V FJ = V
glob + ∆VJ (2.12)
= δαβ¯WαW¯β¯ +
1
∆K
|δαβ¯WαΦβ¯ − 3W |2 (2.13)
where,
∆K = Φ− δαβ¯ ΦαΦβ¯ . (2.14)
Here the first term in Eq. (2.13) corresponds to the scalar potential obtained in global
supersymmetry and the second term represents the supergravity contributions in the
Jordan frame.
Couplings between the conformal compensator and the matter fields of the the-
ory lead to additional operators in the frame function which break the conformal
symmetry. Following Ref. [25], we will consider the following two operators,
δΦ = χ
(
aab
zazbz¯0¯
z0
+ h.c.
)
− 3ζ |z
nz¯n¯|2
z0z¯0¯
, (2.15)
with {a, b} and n running over distinct subsets of {1, 2, ...}. In particular, we will be
interested in the case where the first term provides an additional parameter to the
potential of the inflaton (which we will refer to as φ in following), aab = δaφδbφ/2,
whereas the second term (with ζ being positive) may stabilize orthogonal directions
to inflaton in the field space [25, 26]. We will in particular be interested in employing
this term for so-called stabilizer fields, commonly denoted by X. After gauge-fixing
the conformal compensator, the frame function then finally reads
Φ(z, z¯) = −3M2pl + |zα|2 +
χ
2
(φ2 + φ¯2)− ζ|XX¯|2/M2pl . (2.16)
Note that the first term in Eq. (2.15) does not modify Eq. (2.9) (canonical kinetic
terms in the Jordan frame) and Eq. (2.13), since this holds for all frame functions
with Φαβ¯ = δαβ¯. The second term in Eq. (2.15) on the other hand modifies Eq. (2.13),
leading to
V FJ = δ
αρ¯δγβ¯Φαβ¯Wγ W¯ρ¯ + V
′
∆sugra , (2.17)
with V ′∆sugra denoting a lengthy expression, whose explicit form is little enlightening.
In the limit X → 0, Eq. (2.17) however reduces to Eq. (2.13) with V ′∆sugra X→07−→ V∆sugra.
This may be verified by considering the Ka¨hler metric
Kαβ¯ = −
3M2pl
Φ
(
Φαβ¯ −
ΦαΦβ¯
Φ
)
, (2.18)
2In general, there are Planck-suppressed corrections to this, proportional to the bosonic part
of the auxiliary field of the supergravity Weyl multiplet, these however vanish on inflationary
trajectories along the purely real or imaginary part of any single zα.
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and the Ka¨hler derivatives
DαW = Wα − 3W Φα
Φ
, (2.19)
confirming that all contributions stemming from the second term in Eq. (2.15) vanish
when the X-field is successfully stabilized at zero vev along the inflationary trajec-
tory. The same conclusion holds for the corrections to the canonical kinetic terms
in the Jordan frame. Consequently, Eq. (2.13) will prove to be a powerful guide
to find models unspoiled by supergravity corrections, even when including higher-
dimensional operators in the frame function which break the conformal symmetry.
In the following we will work in units of the reduced Planck mass, Mpl = 1.
3 Supergravity corrections to the scalar potential
In the previous section, we noted that with the choice of the Ka¨hler potential of
Eq. (2.8), where the frame function Φ is given by Eq. (2.16), there is a clear separation
between the globally supersymmetric and the supergravity contribution to the scalar
potential in the Jordan frame. In this section we determine the importance of this
supergravity contribution in generic inflation models. In particular we will focus
on single field inflation models, in which χ < 0, the inflaton direction is given by
ϕ =
√
2Re(φ) and all stabilizer fields Xi are stabilized at zero. See Sec. 6 for explicit
examples of this type. Introducing
f(ϕ) ≡ 〈δαβ¯WαΦβ¯ − 3W 〉 , g2(ϕ) ≡ V glob , (3.1)
where the expectation value 〈..〉 indicates that the corresponding terms are to be
evaluated along the inflationary trajectory, the Jordan frame potential (with the
frame function (2.16)) for the inflaton reads
VJ(ϕ) = V
glob + ∆VJ (3.2)
= g2(ϕ)− |f(ϕ)|
2/3
1 + χ (1 + χ)ϕ2/6
, (3.3)
where we have employed the frame function (2.16). We recall that in the Jordan frame
the kinetic term of the scalar field ϕ is canonically normalized. Let us assume that
f(ϕ) and g(ϕ) can be expressed as polynomials of order pf and pg in ϕ, respectively,
g(ϕ) =
pg∑
n=1
anϕ
n , |f(ϕ)| =
pf∑
n=1
bnϕ
n , (3.4)
with generic coefficients {an, bn} = O(1). In the large field limit ϕ2|χ(1 +χ)|/6 1,
|ϕ|  1, the above potential simplifies to
VJ(ϕ) ' (apgϕpg)2 −
2 (bpfϕ
pf )2
χ (1 + χ)ϕ2
. (3.5)
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The supergravity correction term appears with a suppression factor of 1/(ϕ2χ(1+χ)),
which will suppress the supergravity corrections iff
pf ≤ pg , (3.6)
i.e. if the maximal power of ϕ in f(ϕ) is not larger than the maximal power of ϕ in
g(ϕ).
What is the relation between pf and pg in generic inflation models? To answer
this question, let us first make some simplifying assumptions: (i) we will consider
only single-field inflation models, i.e. models in which the inflaton field ϕ is the only
dynamical field. (ii) all other fields are hence stabilized at fixed value in field-space
during inflation, without loss of generality we can take this value to be zero. We will
denote these fields by Xi. We will consider two limiting cases, |Fφ| 
∑
i |FXi |2 and
|Fφ| 
∑
i |FXi |2.
In the first case, V glob ' |Fφ|2 ∼ |W/φ|2.3 With Φ as in Eq. (2.16), the power pf
of f(ϕ) is given by the power of φ in W (φ) - in the absence of cancellations among
the terms in Eq. (3.1). We will return in detail to the possibility of such cancellations
in the next section. For now we assume that they are absent, leading to pf = pg + 1.
Thus, for large values of ϕ, the second term in Eq. (3.5) is generically of the same
size as the globally supersymmetric term.
On the other hand, for |Fφ| 
∑
i |FXi |2, the globally supersymmetric scalar
potential is given by V globJ '
∑
i |FXi |2, whereas the supergravity contributions are
controlled (in the large field limit) by
∆VJ = − 2 |f(ϕ)|
2
χ (1 + χ)ϕ2
∼ 〈|W |〉
2
ϕ2
∼ |Fφ|2 
∑
i
|FXi |2 ' V globJ , (3.7)
where we have used 〈W 〉 ∼ Fφφ since the terms in W proportional to X i vanish
along the inflationary trajectory. We have also dropped factors of χ and (χ + 1),
assuming that in the large field limit, χ(1 +χ)ϕ2/6 1, these are roughly order one
factors. With this, we conclude that for |Fφ|  |FXi |, the supergravity contributions
to the Jordan frame scalar potential are always suppressed.
To illustrate this point, consider e.g. the superpotential
W = λXφ2 + φn , (3.8)
where we assume for the moment 〈X〉 = 0 and 〈Im(φ)〉 = 0, with the inflaton given
by ϕ =
√
2 Re(φ). The F -terms are give by 〈FX〉 = λ〈φ2〉 and 〈Fφ〉 = n〈φn−1〉,
respectively. The first term in Eq. (3.8) is the usual superpotential of monomial
inflation, which we will return to in Sec. 6. The second term adds a non-vanishing
Fφ-term, tunable with the parameter . With the Ka¨hler potential (2.8) and the
3The latter relation assumes that the term in the superpotential responsible for the dominant
contribution to the vacuum energy also yields the dominant contribution to W . In the limit of large
φ, this assumption is justified.
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frame function (2.16), the scalar potential for the inflaton in the Jordan frame reads
VJ =
1
2
λ2ϕ4 + 2
n2
2n−1
ϕ2n−2 − 2 ((n− 3) + χn)
2
2n [1 + ϕ2χ(1 + χ)/6]
ϕ2n , (3.9)
The first two terms here correspond to the bare potential obtained in global super-
symmetry and the last term stems from the supergravity contribution. If |Fφ| 
|FX |, the globally supersymmetric scalar potential is dominated by the second term
(proportional to 2ϕ2n−2), and is thus of the same order as the supergravity contri-
bution in the large field limit. On the other hand, if |Fφ|  |FX |, the first term will
dominate the scalar potential and the supergravity contribution is suppressed. Note
that for n > 3, the condition |Fφ|  |FX | will be violated at very large field values,
bringing us back to the scenario discussed above. We will return to this toy-model
at the end of Sec. 5, where we will in particular focus on the case n = 3.
The considerations above focused on large field values for ϕ. Of course, for
small field values, the supergravity contributions become parametrically suppressed
by ϕ/Mpl. The question of supergravity contributions is thus a question of large field
inflation models.
In summary, we conclude that by construction, the CSS framework prevents
excessive supergravity contributions to the Jordan frame scalar potential. The su-
pergravity contributions can be at most of the same power in the inflaton field as the
globally supersymmetric contribution, and in inflation models whose vacuum energy
is generated by F-terms of fields other than the inflation, they are even subdominant
compared to the globally supersymmetric contribution in the large field limit.
4 Criteria for vanishing supergravity contributions in VJ
In the previous section we discussed the generic size of the supergravity contribu-
tions to the scalar potential in the Jordan frame, and for that purpose, we did not
assume any specific form of the superpotential. In this section we investigate under
which conditions the above generic conclusions can be evaded, more specifically under
which conditions the supergravity contribution to the Jordan frame scalar potential
vanishes. This will bring us to the questions of a possible cancellation in Eq. (3.1),
as mentioned in the previous section.
Let us start with writing the general form of the superpotential W (z) as
W = W (0) +W (1) +W (2) +W (3) +W (4) + . . . , (4.1)
with the superscript i = {1, 2, ..} denoting the number of superfields in the respective
term, i.e.
W = W (0) + a1αz
α + a2αβz
αzβ + a3αβγz
αzβzγ + a4αβγδz
αzβzγzδ + . . . , (4.2)
with W (0) and ai are constants of the theory. Denoting the inflaton field as φ, the
frame function of Eq. (2.16) reads
Φ = −3 + |zα|2 + χ
2
(φ2 + φ¯2)− ζ|X i|4 , (4.3)
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with α = {1, 2, ..} running over all the fields of the theory, and X i denoting a subset
of fields not containing the inflaton field.
The second term of Eq. (2.13) containing the supergravity contributions vanishes
if
|δαβ¯WαΦβ¯ − 3W |2 = 0 , (4.4)
which along the inflationary trajectory can be rewritten using Eq. (4.1) as
〈W (4) −W (2) − 2W (1) − 3W (0) − 2ζ WXiX i|X i|2 + χWφφ¯〉 = 0 . (4.5)
Note that both χ and ζ are parameters of the Ka¨hler potential. Barring fine tuning
between the parameters of the Ka¨hler potential and the parameters of the superpo-
tential, Eq. (4.5) can be expressed as
C :
{
〈W (4) −W (2) − 2W (1) − 3W (0)〉 = 0 ,
〈χWφφ¯− 2ζ WXiX i|X i|2〉 = 0 .
(4.6)
Note the special role of the trilinear term in W , which, invariant under the conformal
symmetry, is not constrained by the first part of this condition. The conditions (4.5)
and (4.6) can easily be generalized if several fields receive holomorphic contributions
in the frame function, i.e. for χ/2(φ2 + φ¯2) 7→ χaab(zazb + z¯az¯b) in Eq. (4.3). In this
case the we find
χWφφ¯ 7→ χWa(aab + aba) z¯b (4.7)
in Eqs. (4.5) and (4.6). The first line of Eq. (4.6) remains unchanged.
Now, a comment on the strength of these conditions is in order. The condi-
tions C protect the direction of the (complex) inflaton field φ from large supergravity
corrections, however other, orthogonal directions in the field space may still receive
large (possibly tachyonic) masses, see eg. [11, 25, 36]. Tachyonic directions orthog-
onal to the inflationary trajectory render the latter unstable. For ‘stabilizer’-type
fields, which feature a vanishing vev during and after inflation, this may technically
be remedied by adding the above mentioned −ζ|X i|4 term to the Ka¨hler potential.
However for hybrid-inflation models which contain a ‘Higgs’-type field whose dy-
namics is responsible for ending inflation, the problem is more severe. In this case, a
−ζ|X i|4 term in the frame function stabilizing this field during inflation will gener-
ically also do so after inflation, thus preventing the desired phase transition ending
inflation.
4.1 Connection to 〈W 〉 = 0 in single field inflation
We now highlight how in single field inflation, under some generic conditions, the con-
ditions for vanishing supergravity corrections (4.6) are equivalent to the requirement
of a vanishing superpotential along the inflationary trajectory, 〈W 〉 = 0. Considering
the expression for the F-term scalar potential in the Einstein frame, Eq. (2.2), it is
well known that models with 〈W 〉 6= 0 obtain dangerous supergravity corrections due
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to the −3|W |2/M2pl term. Here we extend this understanding, showing how in the
class of CSS models, 〈W 〉 = 0 is equivalent to the exact vanishing of the supergravity
contribution in the Jordan frame scalar potential, ∆VJ = 0.
Let us first consider an inflation model in which Eq. (4.6) is fulfilled. Then
for χ 6= 0 the second line of Eq. (4.6) requires ∂W/∂φ = 0 along the inflationary
trajectory (assuming that all X i’s are stabilized at zero vev by the ζi-terms). Hence,
assuming that during inflation there is only one4 dynamical field, which is the inflaton
φ, we can write
〈W 〉 = 〈c0〉+ 〈c1〉φ+ 〈c2〉φ2 + . . . . (4.8)
When we require ∂W/∂φ = 0 along the inflationary trajectory over a finite range of
φ, the terms of different order in φ have to vanish independently, i.e 〈c1〉 = 〈c2〉 =
· · · = 0. We hence obtain 〈W 〉 = 〈c0〉, with 〈c0〉 being a function of the fields other
than the inflaton. Due to our assumption that the inflaton is the only dynamical
field during inflation, all other fields which might enter into 〈c0〉 are characterized
by a constant vev during inflation, and without loss of generality, we may set these
vevs to zero.5 Hence a non-zero 〈c0〉 can only be sourced by a true constant in
the superpotential, Winf = W
(0) 6= 0. This however is excluded by the first line of
Eq. (4.6) (again taking into account that this condition must hold over a finite range
for φ). In summary, under the assumption of (effectively) single field inflation, the
condition (4.6), i.e. the vanishing of supergravity contributions to the Jordan frame
scalar potential, implies 〈W 〉 = 0. This is one of the main results discussed in this
article.
Conversely, under the assumption that the fields other than the inflaton are
stabilized at constant vev during inflation, 〈W 〉 = 0 guarantees that the conditions
in Eq. (4.6) are also satisfied. To prove this statement, we explicitly express the
terms W (i) introduced in Eq. (4.1) as a power expansion in φ,
W (i) = 〈ci 0〉+
i∑
j=1
cijφ
j = 〈ci 0〉+ 〈ci 1〉φ+ · · ·+ 〈ci i−1〉φi−1 + ciiφi . (4.9)
Here W (0) and the cii’s are pure constant terms and 〈cij〉 for i 6= j are the coefficients
obtained from the vevs of all fields except inflaton φ. Now if during inflation all
fields other than the inflaton are stabilized at zero vev, then 〈c ij
i 6=j
〉 = 0. We are
then left with W = W (0) +
∑
i ciiφ
i. Now, if we demand that during inflation
Winf = 0 is satisfied for all inflaton field values, this requires W
(0) and cii to be zero
independently, and hence W (0) = W (1) = W (2) = W (3) = W (4) = ... = 0. So the
first part of the condition in Eq. (4.6) is immediately satisfied. A little bit of more
algebra shows that the second part of the condition too is fulfilled. In the context
4this includes models of hybrid-like inflation, where a second field becomes dynamical at the end
of inflation.
5More generally, we may allow any constant vev for these fields during inflation: Starting from
〈X〉 = c, we define X ′ = X − c and perform the above analysis for the redefined field X ′.
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of usual Einstein frame supergravity, the advantage of Winf = 0 for inflation model
building has been noted earlier in [37–39].
In summary, the generic supergravity contributions to the Jordan frame scalar
potential identified in Sec. 3 can be avoided by a suitable construction of the su-
perpotential. This leads in a first step to the condition of Eq. (4.5), which may be
re-expressed as the two conditions of Eq. (4.6) in the absence of correlations between
the parameters of the Ka¨hler and superpotential. For single-field inflation models,
this further simplifies to the condition of a vanishing superpotential along the infla-
tionary trajectory. Returning to the two cases |Fφ| 
∑
i |FXi | and |Fφ| 
∑
i |FXi |
discussed in Sec. 3, we note that the second line of Eq. (4.6) immediately implies
Fφ = ∂W/∂φ = 0. Hence a cancellation of the supergravity contributions to the Jor-
dan frame scalar potential by a suitable choice of superpotential is only possible for
inflation models driven by a vacuum energy stemming from F-terms of fields other
than the inflaton. Models with |Fφ| 
∑
i |FXi |, which were found to generically
obtain larger supergravity contributions in Sec. 3, cannot be protected in this way.
4.2 Illustrative Examples
Let us apply the above mentioned derived condition for vanishing supergravity con-
tributions in the Jordan frame to some well-known classes of inflation models.
Hybrid Inflation
The superpotential of F-term hybrid inflation [6, 28, 40] is given by
W = λφ(H+H− −M2) , (4.10)
with coupling constant λ, mass parameter M and H± denote so-called waterfall fields
which obtain non-zero vevs in a phase transition ending inflation. During inflation,
〈H±〉 = 0, and hence 〈W 〉 6= 0. The resulting supergravity contributions induce a
large tachyonic mass to the imaginary part of φ, thus spoiling inflation [35].
Monomial Inflation
Monomial chaotic inflation is characterized by the following choice of the superpo-
tential [26, 41, 42],
W = mXf(φ) . (4.11)
Here φ is the inflaton field and X is an auxiliary field, often called a stabilizer
field, which has a vanishing vacuum expectation value (vev) during inflation. Hence
Winf = 0 and the supergravity contributions vanish in the Jordan frame inflaton
potential. We will return to this example in more detail in Sec. 6.
Tribrid Inflation
The superpotential of tribrid inflation involves the interplay of three fields, i.e. the
inflaton field φ, the auxiliary field X that is stabilized at zero vev, and the waterfall
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field H which triggers the phase transition ending inflation [27, 43–46]. The tribrid
inflation superpotential can be defined by
W = κX(H l −M2) + λφnHm , (4.12)
and for simplicity, we will take l = 2. We will restrict ourselves to n,m ≤ 2 in
accordance with the maximum number of fields in W given by Eq. (4.1). Here κ, λ
are positive constants. In contrast to the standard hybrid inflation case of Eq. (4.10),
there is an additional stabilizer field X which drives inflation by providing a large
vacuum energy through its F -term. During inflation 〈X〉 = 〈H〉 = 0 and after
inflation 〈H〉 = M . With Winf = 0 during inflation, the Jordan frame potential for
the inflaton VJ(φ) is protected from supergravity contributions.
However, the waterfall field H is not protected in this way and may obtain large
supergravity contributions. An indication of this can be obtained from evaluating
Eq. (4.6) slightly away from the inflationary trajectory, H → 0 + , in which case
the first line of Eq. (4.6) no longer vanishes. As mentioned in Sec. 4, Eq. (4.6) does
not guarantee the vanishing of supergravity corrections orthogonal to the inflaton
trajectory - which is precisely the trouble we are running into here: the mass of the H
field is not protected from supergravity contributions. In Appendix. A we explicitly
calculate this contributions for n = 2,m = 1, 2, showing that for n = 2,m = 1 they
can destabilize the inflationary trajectory whereas for n = m = 2, the model is more
robust and could be a very interesting case for further study.
5 Further supergravity effects
In sections 3 and 4, we have discussed supergravity contributions to the Jordan
frame scalar potential. However, a full analysis of the supergravity effects must
also include the effects stemming from the non-minimal coupling to gravity (in the
Jordan frame) or correspondingly from the conversion VE = Ω
4VJ and from the
non-canonical kinetic terms (in the Einstein frame). An instructive analysis which
directly applies to the set-up we discuss in the paper was given in Ref. [23] in the
context of so-called universal ξ-attractors [21, 23, 47]. These are characterized by a
non-minimal coupling to the Ricci-scalar and the Lagrangian density is given by6
LJ =
√−gJ
[
1
2
Ω−2(ϕ)R− 1
2
KJ(ϕ) (∂ϕ)
2 − VJ(ϕ)
]
, (5.1)
with Ω−2(ϕ) = 1 + ξϕ2. For KJ = 1, ξ = −(1 − |χ|)/6 this corresponds precisely
to the setup discussed in this paper (once the real scalar inflaton field ϕ has been
identified), as will be illustrated in the explicit examples of Sec. 6.
6Note the slightly different notation compared to [23]: Ω[23] = Ω
−2. For supergravity embeddings
of this model see e.g. [10, 20, 21, 42, 48].
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With a suitable conformal transformation, the Lagrangian density above can be
expressed in the Einstein frame,
LE =
√−gE
12RE − 12
(
KJ
Ω−2
+ 6
Ω′2
Ω2
)
︸ ︷︷ ︸
KE(ϕ)
(∂ϕ)2 − Ω4VJ(ϕ)
 . (5.2)
If KJΩ
2  6Ω′2/Ω2 and ξ > 0 (i.e |χ| > 1), the above Lagrangian can be re-casted
(in terms of the dynamical variable Ω) with a kinetic term having a second order
pole at Ω = 0 (corresponding to the large field limit ϕ→∞) [23],
LE =
√−gE
[
1
2
RE − 3
(
∂Ω
Ω
)2
− VE(Ω)
]
. (5.3)
From Eq. (5.3), we see that the canonically normalized field ϕˆ is related to the
dynamical variable Ω(ϕ) as Ω = exp(−ϕˆ/√6).7
Let us now consider a Jordan frame scalar potential VJ(ϕ) = cV ϕ
2l (the situation
is easily generalized to any polynomial scalar potential, whose maximum power of ϕ
is 2l). With VE = Ω
4VJ and ϕ
2 = (Ω−2 − 1)/ξ we find
VE = cV ξ
−lΩ4
(
Ω−2 − 1)l (5.4)
= cV ξ
−l (Ω4−2l + · · ·+ Ω4) . (5.5)
We can thus identify three qualitative different situations. (i) For l < 2, all powers of
Ω appearing in Eq. (5.5) are positive and hence VE(ϕˆ)→ 0 for ϕˆ→∞. Together with
VE ' VJ ' cV ϕˆ2l at small field values, this yields (for cV > 0) a hilltop type potential
(see e.g Fig. 2(a)). (ii) For l = 2, the leading order term in Ω is constant, and hence
these models approach an exponentially flat plateau for large field values (see eg
Fig. 4). For cV > 0 this reproduces the characteristic feature of the Starobinsky-
type inflation models [1], which are favoured by the current CMB data. (iii) For
l > 2, Eq. (5.5) contains negative powers of Ω, leading to an exponential growth of
the potential at large field values, unsuitable for slow-roll inflation. We will discuss
explicit realizations of these different scenarios, in particular of the cases (i) and (ii),
in the next section.
Note that the phenomenologically very promising case (ii) can more generally
be obtained for any VJ ∝ f(ϕ)2 and Ω−2 = 1 + ξf(ϕ), which has coined the name
‘attractor’-models [8, 9, 12–18], since different models are ‘attracted’ to the sweet
spot of the Planck data as the parameter ξ is increased. These models might have
very different potentials at small field values, but asymptotically they all feature an
exponentially flat potential. The predictions in the ns - r plane are described by a
7We note that Ω(ϕ → ±∞) = 0. The canonical normalization of Eq. (5.3) leaves the sign
ambiguity Ω = exp(±ϕˆ/√6). We choose here the solution Ω = exp(−ϕˆ/√6), obtaining the desired
asymptotic behaviour Ω(ϕˆ→ +∞) = 0 for positive field values.
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one-parameter region (here ξ) which converges to (1− 2/N, 12/N2) at leading order
in 1/N and for large ξ. The above analysis underlines that this mechanism requires
the leading order power of ϕ in V
1/2
J and Ω
−2 to be identical, which, as an ad hoc
assumptions, requires some degree of tuning.
We now discuss the case of ξ < 0 in Ω−2(ϕ) = 1 + ξϕ2. For 0 < |χ| < 1, ξ is
bounded between −1/6 and 0. In this case there is a pole in Ω for ϕ→ 1/√|ξ|. We
thus make a change of variable to Ω˜ = 1/Ω, and the Lagrangian of Eq. (5.2) becomes
LE =
√−gE
1
2
RE − 3
(
∂Ω˜
Ω˜
)2
− VE(Ω˜)
 . (5.6)
In this case, the canonically normalized field ϕˆ is related to the dynamical variable
Ω˜(ϕ) as Ω˜ = exp(−ϕˆ/√6).8 Similar to the case for ξ > 0, the kinetic term now has
a pole at Ω˜ = 0. As before, in terms of the canonically normalized field ϕˆ, this pole
is located at infinite field values. For VJ = cV ϕ
2l, substituting ϕ by Ω˜ yields
VE = cV ξ
−l
(
Ω˜−4 + · · ·+ Ω˜(2l−4)
)
. (5.7)
For l > 0, we see that the first term always dominates the form the potential, and
it is exponentially steep in terms of the canonical field ϕˆ. Hence even if we get the
required amount of inflation, it does not lead to the attractor prediction in the ns-r
plane. We return to explicit examples of this type in the next subsection.
Returning to our discussion of the Jordan frame scalar potential VJ in Secs. 3
and 4, we note that the supergravity contribution always comes with a negative sign,
i.e. cV < 0 in the above parametrization. This implies that a viable inflation model
will always require this contribution to be subdominant. This is easily achieved if the
supergravity contribution comes with a power of pf < 3 (see Eq. (3.5)), corresponding
to case (i) above. In this case the supergravity contribution will vanish in the large
field limit. On the other hand, if pf > 3 (case (iii)), the potential becomes unbounded
from below at large field values. In the intermediate case (ii), the viability of the
inflation model will depend on the relative size of the supergravity contribution, see
example below.
Let us illustrate these points by returning to the model introduced in Eq. (3.8)
with n = 3. The scalar potential for the canonically normalized inflaton field in the
Einstein frame is depicted in Fig. 1. From Eq. (3.9), we note that both the globally
supersymmetric and the supergravity contribution come with a power of ϕ4. For
small values of , the globally supersymmetric contribution dominates, leading to a
positive plateau in the large field regime. For increasing values of , the supergravity
contribution becomes to dominate, and the scalar potential is found to take negative
values in large field regime.
8Note that if we consider negative field values, the corresponding canonically normalized field is
given by Ω˜ = exp(ϕˆ/
√
6).
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Figure 1. Behaviour of supergravity corrections for W = λXφ2 + φ3. This plot shows
the behaviour of the Einstein frame potential with incresing  for λ = 1 . As we tune  to
higher values supergravity corrections become O(1).
6 Examples of inflation models
To illustrate the analysis of the previous sections, we present two representative
examples, based on W = λXφ2 and W = mXφ as well as the frame function (2.16),
Φ = −3 + φφ¯+XX¯ + χ
2
(φ2 + φ¯2)− ζ|XX¯|2 . (6.1)
Contrary to the example discussed at the end of the previous section, both examples
here feature 〈W 〉 = 0 during inflation, hence the supergravity contributions to the
Jordan frame scalar potential vanish and we are left with the type of supergravity
effects described in Sec. 5. The phenomenology of these models has been previously
studied in Ref. [49].
6.1 Hilltop inflation from W = mφX
For sufficiently large ζ, the stabilizer field X can be taken to be fixed at 〈X〉 = 0,
and hence following Eq. (2.6), the F -term scalar potential in Einstein frame is given
by
VE|X→0 = m
2(ϕ2 + τ 2)
2
(
1− ϕ2
6
(1 + χ) + τ
2
6
(−1 + χ)
)2 , (6.2)
where we have decomposed φ = (ϕ + i τ)/
√
2. We first note that the resulting
Lagrangian is invariant under the simultaneous transformation of ϕ ↔ τ and χ →
−χ. We thus restrict our analysis to χ ≤ 0, for which the real part of φ will play the
role of the inflaton.
In the Einstein frame, the kinetic term of the complex scalars φ and X is not
canonically normalized. We can however extract information about the dynamics
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of these fields, in particular the values of their masses and the inflationary slow-roll
parameters, by exploiting
da
daˆ
=
1√
Kzz¯
for a = Re(z), Im(z) (6.3)
→ ∂V
∂aˆ
=
1√
Kzz¯
∂V
∂a
, (6.4)
where zˆ (and correspondingly aˆ) denote the canonically normalized field. With this,
we verify that both τ (the imaginary part of the complex inflaton field φ) and the
complex stabilizer field X are stabilized at zero vev with m2τ,X ≥ O(H2). For the
stabilizer field X, this is achieved if ζ & 0.7 in the frame function. For the real scalar
τ , one may at first glance worry about about a pole in Eq. (6.2) for large values of
τ . However since the Ka¨hler metric features the same pole structure, this pole is not
reached for any finite value of the canonically normalized field τˆ .
We now turn in more detail to the inflationary dynamics. Along the inflationary
trajectory, the scalar potential in the Einstein frame reduces to
VE =
m2ϕ2
2
(
1− ϕ2
6
(1 + χ)
)2 . (6.5)
We can distinguish two qualitatively different regimes: For χ < −1, the denominator
of Eq. (6.5) is always strictly positive, whereas for −1 < χ < 0 the potential features
a pole for large values of ϕ (which is however not reached for any finite value of the
canonically normalized field ϕˆ). Note that for χ = −1, the transformation to the
Jordan frame becomes trivial, Ω2(X = 0) = 1. Hence in this case VE = VJ and we
reproduce the predictions of standard chaotic inflation with a quadratic potential.
We shall first consider the case χ < −1. The inflationary potential in terms of
canonical inflation field ϕˆ is shown in Fig. 2(a). The potential has a minimum at
ϕ = 0, and it also vanishes for infinitely large field values. Inflation is possible around
its maximum when the field rolls towards the minimum at ϕ = 0. Note that this
potential has a serious initial value problem for the inflation field. If the initial field
value of the inflaton is larger than the position of the maximum of the potential ϕmax,
the field rolls towards the wrong post-inflationary vacua. For our considerations, we
assume that the field starts to roll from any field value between ϕmax and ϕ60 - see
Fig. 2(a). The evolution of the inflaton field is governed by the slow-roll equation of
motion,
3Kφφ¯Hϕ˙+ V ′E(ϕ) = 0 , (6.6)
where H denotes the Hubble parameter during inflation. This can be expressed as
dϕ
dN
− 1
VE
(
V ′E(ϕ)
Kφφ¯
)
= 0 , (6.7)
allowing the evaluation of ϕ(N) without explicitly normalizing the inflaton field ϕ.
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(a) Einstein frame scalar potential VE in terms
of the canonical field ϕˆ, for χ = −1.01 and
m = 5.6 × 10−6 (the latter fixed by A0s). The
vertical dashed black lines represent the field
value at the end of inflation and 60-efolds ear-
lier, respectively.
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(b) Inflaton field ϕ vs. its canonically normal-
ized counterpart ϕˆ plot for χ = −1.01. Along
the inflationary trajectory, ϕ ≈ ϕˆ is a good ap-
proximation.
Figure 2. Inflationary dynamics for W = mφX.
The predictions for the amplitude of scalar perturbations, tilt of the scalar pertur-
bations, and the ratio of tensor and scalar perturbations amplitudes in the Einstein
frame are given respectively by
As =
VE
24pi2 E
, ns = 1− 6 E + 2 ηE , r = 16 E , (6.8)
evaluated when the CMB pivot scale exited the horizon at N∗ = 60 e-folds before
the end of inflation. The slow-roll parameters E and ηE are given by
E =
1
2
(
V ′E(ϕˆ)
VE
)2
, ηE =
V ′′E (ϕˆ)
VE
, (6.9)
where the derivatives with respect to the canonically normalized field ϕˆ may be
evaluated using Eq. (6.4). For the scalar potential (6.5), this leads to
E =
2
(
1 + ϕ
2
6
(1 + χ)
)2
ϕ2
(
1 + ϕ
2
6
χ(1 + χ)
) , (6.10)
ηE =
2(1 + ϕ2(1 + χ)(1 + 1
6
ϕ2(1 + χ)(1
6
+ χ(1 + 1
18
ϕ2(1 + χ)))))
ϕ2(1 + 1
6
ϕ2χ(1 + χ))2
. (6.11)
We note that the slow-roll parameters are functions of χ and N only, and do not
depend on the parameters m and ζ. Note moreover that while the above calculation
has been performed in the Einstein frame, identical expressions for ns and r can be
obtained directly in the Jordan frame [32].
In Fig. 3 we summarize the resulting CMB predictions, obtained by numerically
solving the slow-roll equation of motion. Requiring As to lie within the 99.7% CL of
the Planck data [4], we determine the spectral index ns and the tensor-to-scalar ratio
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(a) Predictions for ns and r for W = mφX, over-
layed with the 68% and 95% CL contours from
Planck. The black line represents variations w.r.t
χ, where χ = −1 corresponds to the predictions
of chaotic inflation. For comparison, the dashed
curve shows the predictions of natural inflation.
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(b) Amplitude of the scalar perturbations
As/A
0
s (red dashed line) and its tilt ns (hor-
izontal contours) as a function of the model
parameters m and χ.
Figure 3. Parameter space and predictions for W = mΦX.
r by numerically solving Eq. (6.7). The results are depicted in Fig. 3(a), with the
background contours corresponding to PLANCK 2015 TT + low l polarization [4].
The black dots indicate different values of χ parameter with χ varying from −1 to
about −1.03 with decreasing r and ns. For χ < −1.03, the spectral index ns lies well
outside the Planck contour, see also Fig. 3(b) which shows the dependence of ns on
the pair of parameters {m,χ}, together with the curvature perturbation As (dashed
red lines) normalized to the Planck best-fit value A0s: For increasing values of |χ|, the
spectral index decreases until it reaches values well beyond the current observational
bound. Some of these contour lines are marked in the figure.
In the vicinity of the limiting case of chaotic inflation (χ = −1), the CMB
predictions may be understood analytically. For δ ≡ ϕ2
6
χ(1 + χ)  1 and ϕ(N) 
ϕend, integrating Eq. (6.7) yields
4N ' ϕ(N)2 (1− χ)
2
+
(ϕ2(χ− 1) + 12)δ
4χ
+
(ϕ2(1− χ) + 9)δ2
6χ2
+O(δ3) . (6.12)
In the limit χ→ −1, we recover the familiar expressions of quadratic chaotic inflation,
ϕ2 ' 4N , E ' 1
2N
, ηE ' 1
2N
. (6.13)
The χ-dependence in the vicinity of χ→ −1 limit can be understood by expanding
the spectral index and tensor-to-scalar ratio in terms of the expansion parameter δ.
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Employing Eq. (6.12), we obtain
ns ' 1− 2
N
+
2
27
(χ+ 1)2(3χ2 + 2χ− 14)N +O(δ3/N) , (6.14)
r ' 8
N
− 8
3
(χ+ 1)(χ− 4) +O(δ2/N) , (6.15)
where δ ' 2/3Nχ(1 + χ). Qualitatively the χ-dependence in the ns − r plane as
shown in Fig. 3(a) is similar to the result found for the natural inflation (pNGB
inflation) potential V ∼ (1 − cosϕ
f
)
[50]. In the latter case, expanding in powers of
1/f  1, with f being the axion decay constant in Planck units, yields
ns ' 1− 2
N
− N
6f 4
+O(1/f 8) , (6.16)
r ' 8
N
− 4
f 2
+O(1/f 4) . (6.17)
For a fixed value of ns, comparing Eqs. (6.14) and (6.16) we find 1/f
4 = 4/9(χ +
1)2(3χ2 + 2χ − 14). We then immediately see that the value of r from Eq. (6.15)
is in fact smaller than the natural inflation counterpart from Eq. (6.17). Hence the
two models yield similar, but not identical predictions in the ns − r plane. As the
numerical analysis shows, this is true in the entire parameter range of interest, see
Fig. 3(a).
Finally we turn our attention to the case −1 < χ < 0. Again we can identify
the real axis in the complex plane spanned by φ = (ϕ + iτ)/
√
2 as the only viable
inflationary trajectory (the trajectory along the imaginary axis exhibits a tachyonic
instability). We can achieve enough efolds of slow-roll inflation only if the parameter
χ is not too different from χ = −1 (otherwise the potential becomes too steep).
However even in this case, the predicted tensor-to-scalar ratio becomes larger than
the usual quadratic chaotic inflation model, and remains outside the 2-σ contour of
PLANCK data - see Fig. 3(a).
The example discussed above explicitly demonstrates some of the effects dis-
cussed in Sec. 5. In the regime χ < −1 (corresponding to ξ > 0), we find ourselves in
the case (i) of Sec. 5. In terms of the canonically normalized field, the scalar potential
in the Einstein frame vanishes for large field values. Together with V ∝ ϕ2 at small
field values, this leads to a hilltop-type potential. Similarly for the case 0 > χ > −1
(i.e ξ < 0) the potential is exponentially steep and the model produces a too large
tensor-to-scalar ratio (far away from the attractor point in the ns-r plane).
6.2 Starobinsky inflation from W = λφ2X
We now turn to an example of the case (ii) of Sec. 5: W = λφ2X, see also Ref. [36].
The Jordan frame scalar potential following Eq. (2.13) is VJ = λ
2φ4. As in the
previous section, we can restrict ourselves without loss of generality to χ < 0, and as
above we find that both X and τˆ settle to zero vevs due to a large masses compared to
the Hubble scale during inflation. The F -term scalar potential along the inflationary
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Figure 4. Plot of VE in terms of the canonical field ϕˆ for W = λφ
2X. The parameter
values are χ = −3 and λ = 1.4 × 10−5 (fixed by A0s). The dashed vertical lines represent
the field value at the end of inflation and 60-efolds earlier, respectively.
direction in the Einstein frame is given by
VE =
λ2ϕ4
4
(
1− ϕ2
6
(1 + χ)
)2 , (6.18)
where we have used ϕ =
√
2 Re {φ}. In contrast to the previous example, the above
potential asymptotically approaches a constant value, due to the quartic power of
the inflaton field in the numerator.
The potential in the limit of χ = −1 is a simple ϕ4 potential, and in this case the
kinetic term becomes canonical with the conformal factor being unity. Therefore,
the potential in the Einstein frame is too steep, and is disfavoured by the PLANCK
data [4]. We next turn to the case χ < −1. A plot of this potential after canonical
normalization of the kinetic term of ϕ is shown in Fig. 4, where ϕˆ is the canonical
inflaton field. It is also a two parameter {λ, χ} potential. For a given χ and for large
field values this potential has a long plateau type region with a slowly varying slope.
In fact, this potential can accommodate successful inflation for wide range of values of
the χ parameter. Increasing χ will add more flatness to the potential. The value of λ
will be fixed by the amplitude of density perturbations. To demonstrate this feature
we show the variation of χ from −1 to −5 (from top to bottom) in the usual ns vs. r
plot, cf. Fig. 5(a). In the limit χ→ −∞ the predictions asymptotically approach to
those of the Starobinsky inflation model [1] (see next paragraph). Fig. 5(b) shows the
variation of ns as well as the normalized curvature perturbation As/A
0
s (red dashed
lines) with respect to the model parameters {λ, χ}. Again ns is independent of model
parameter λ. The asymptotic behaviour of the spectral index as |χ| increases can be
clearly seen in this plot.
This behaviour can be well understood by considering the following analytic
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(a) ns - r plot for W = λφ
2X overlayed with the
68% and 95% CL contours from 2015 Planck data.
For |χ|  1 predictions are asymptotically close to
Starobinsky inflation model shown by blue triangle.
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(b) Amplitude of the scalar perturbations As
(red dashed line) and its tilt ns (vertical con-
tours) as a function of the model parameters
λ and χ.
Figure 5. Parameter space and predictions for W = λΦ2X.
expressions of inflationary slow-roll parameters given by
E =
8
ϕ2(1 + 1
6
ϕ2χ(1 + χ))
, (6.19)
ηE =
12 + 1
6
ϕ2(1 + 3χ+ 2χ2) + 2
9
ϕ4χ(1 + χ)2
ϕ2(1 + 1
6
ϕ2χ(1 + χ))2
, (6.20)
with
8N = −ϕ2χ− 6 ln (1− 1
6
ϕ2(1 + χ)
)
, (6.21)
where Eq. (6.21) is obtained by integrating the slow-roll Eq. (6.7) with the potential
given by Eq. (6.18). For ϕ2(1 + χ)/6  1, this yields 8N ' ϕ2 whereas for ϕ2(1 +
χ)/6 1 we find 8N ' −ϕ2χ. So in the former case, we find
E ' 1
N
, ηE ' 3
2N
→ ns ' 1− 3
N
, r ' 16
N
, (6.22)
which are just the results for chaotic inflation with a quartic potential. In the latter
case, we find
E ' 3α
4N2
, ηE ' − 1
N
→ ns ' 1− 2
N
, r ' 12α
N2
, (6.23)
with α = χ/(1 + χ), which are the predictions of the so-called α-attractors [20]. For
α = 1 (|χ| → ∞) we obtain the predictions of the Starobinsky model. We thus
explicitly see the mechanism described in case (ii) of Sec. 5 at work here.
Finally, we consider the case −1 < χ < 0 i.e ξ < 0. As in the example of
Sec. 6.1, the ϕ direction is identified as the only possible inflationary trajectory, with
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the orthogonal direction stabilized during inflation. The prediction for tensor-to-
scalar ratio exceeds the one for quartic inflation with a canonical kinetic term - see
Fig. 5(a). As this is well outside the 2-σ contour of PLANCK data, we can conclude
that −1 < χ < 0 is not a viable parameter range for this model. This is in agreement
with the general argument of Sec. 5.
7 Conclusions & Outlook
Current CMB data allow for an energy scale of inflation as high as about 1016 GeV.
At these energies, supergravity effects can no longer be neglected. They may spoil the
flatness of the inflationary direction, destabilize the inflationary trajectory (as e.g.
in F-term hybrid inflation [11, 25, 36]), or even also improve the flatness of the po-
tential (as in models with non-minimal coupling to gravity such as Higgs inflation [8]
or α-attractors [9]). In this paper we have systematically studied supergravity con-
tributions to Jordan frame inflation models, i.e. inflation models characterized by a
non-minimal coupling to gravity and canonical kinetic terms in the Jordan frame.
Our focus here is on single-field inflation models driven by F-term potentials, for an
example of D-term inflation in this setup see [35].
We disentangle two types of supergravity contributions in the Jordan frame,
arising from contributions to the scalar potential and from the non-minimal coupling
to gravity. We find that the former generically yields a contribution to the Jordan
frame scalar potential which is at most of the same power in the inflaton field as
the contribution from global supersymmetry. We moreover derive the condition on
the superpotential for which this term vanishes identically (cf. Eq. (4.5)) and find
that for single-field inflation models this corresponds to the condition of a vanishing
superpotential during inflation.
In a second step, we turn to the effects of the non-minimal coupling to gravity,
which translate to non-canonical kinetic terms in the Einstein frame. As observed
e.g. in the context of α-attractors [9], this can lead to an exponential flattening of the
scalar potential in the Einstein frame in terms of the canonically normalized field.
However, this mechanism requires the powers of the inflaton field appearing in the
non-minimal coupling to gravity and in the (Jordan frame) scalar potential to be
adjusted accordingly.
The findings of this paper are illustrated in various examples. In particular we
focus on two examples of the type W = λXφn, with n = {1, 2}. The CMB data
can be reproduced for certain values of the parameter χ, which parametrizes the
non-minimal coupling to gravity. In particular in the n = 2 case we asymptotically
reproduce the Starobinsky inflation model for |χ|  1. Since in all these models the
superpotential vanishes along the inflationary trajectory, the supergravity contribu-
tions to the Jordan frame potential are identically zero. We further comment on
tribrid inflation models, which, in contrary to the more commonly discussed hybrid
inflation models, are protected from supergravity contributions to the Jordan frame
scalar potential. However, this protection does not encompass the second dynamical
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degree of freedom in these models, the waterfall field. Using two different realiza-
tions of tribrid inflation we illustrate how this may lead to a destabilization of the
inflationary trajectory or to a potentially viable inflation model.
Our results may be used as guidelines to easily estimate the effect of supergravity
contributions in a given Jordan frame inflation model. They may moreover be useful
in inflationary model building to easily understand what type of terms in the super-
potential or Ka¨hler potential may help modify a given scalar potential in a desired
way through supergravity contributions.
In this paper, we focused on a simple frame function motivated by approximate
scale invariance and on superpotentials which can be expressed as polynomials in the
inflaton field. It would be interesting to extend this work beyond these two assump-
tions. Moreover, the models studied in this paper should be considered as illustrative
toy models, at this point without a deeper motivation from particle physics and also
lacking a study of the subsequent cosmology after inflation. In particular, we have
not addressed the question of (low-energy) supersymmetry breaking.
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A Tribrid inflation in CSS
In this Appendix, we will explore the supergravity effects for tribrid inflation models
described by the following superpotential [27]
W = κX(H l −M2) + λφnHm , (A.1)
in the context of Jordan frame supergravity. In this kind of models, inflation ends
via a phase transition that is triggered by the mass of the waterfall field H becoming
tachyonic as the inflaton field rolls towards smaller field values.
As in the main text, we will assume the following frame function
Φ = −3 + |φ|2 + |X|2 + |H|2 − ζ|X|4 + χ
2
(φ2 + φ¯2) , (A.2)
and we will restrict the superpotential by our choice to (n,m) ≤ 2 and l = 2.
Constraints on the powers l,m and n have been discussed in the literature [44, 45].
We would like to emphasize that the tribrid inflation models satisfy the conditions
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of Eq. (4.6) of vanishing supergravity corrections along the inflationary trajectory in
the Jordan frame. But the supergravity corrections to the fields orthogonal to the
inflaton directions (e.g waterfall H field) are not protected from these corrections,
and are potentially dangerous in spoiling the waterfall mechanism.
We start with the case n = m = 2, see also [38]. In the globally supersymmetric
limit, this model leads to a tree-level flat potential, lifted by one-loop corrections.
The spectral index is found to be ns ' 0.98 and may be lowered by supegravity
contributions [38]. These results are reproduced here for χ = −1 (after taking into
account the effective one-loop potential arising after integrating out the waterfall
fields). Departing from χ = −1, the supergravity contributions can result in a
positive (χ > −1) or negative (χ < −1) slope of the tree-level potential (this is
just the effect of the non-canonical kinetic term discussed in Sec. 5). For values
of χ sufficiently close to χ = −1, these small corrections may modify the globally
supersymmetric predictions in an interesting way. We leave a detailed investigation
to future work.
Next, we consider the case n = 2, m = 1. In this case, the globally supersym-
metric tree-level scalar potential for the inflaton ϕ =
√
2 Re {φ} is given by
V glob = VJ = κ
2M4 +
λ2ϕ4
4
, (A.3)
where we have assumed 〈X〉 = 0 and 〈H〉 = M during inflation9. In global su-
persymmetry, this potential is simply too steep to yield a viable inflation model in
agreement with the current data. However, given our discussion in Sec. 5, we may
hope to achieve a sufficient flattening of the scalar potential when transforming to
the Einstein frame taking into account the canonical normalization of the inflaton
field in the Einstein frame.
Switching to the Einstein frame, the complete potential including the waterfall
fields becomes,
VE(ϕ,H) =
(
(H2 −M2)(H¯2 −M2)κ2 + λ2ϕ4
4
)(
1 + ϕ
2
6
χ(1 + χ)
)
+ 2|H|2λ2ϕ2(1 + ϕ2
6
χ)(
1 + ϕ
2
6
χ(1 + χ)
)(
1− |H|2
3
− ϕ2
6
(1 + χ)
)2 .
(A.4)
Note that the H field is non-canonical in the Einstein frame (∵ KHH¯ 6= 1), and the
masses of the canonical waterfall fields in the Einstein frame during inflation are
given by
m2
HˆR
=
−2κ2M2 + 2λ2ϕ2
(1− ϕ2
6
(1 + χ))2
(A.5)
+
2κ2M4
3(1− ϕ2
6
(1+χ))2
+
λ2ϕ4
6(1− ϕ2
6
(1+χ))2
(
1 +
2χ(1− ϕ2
6
(1 + χ))(1− κ2M2
λ2ϕ2
(1 + χ))
(1 + ϕ
2
6
(1 + χ))2
)
,
9It can be shown that the canonically normalized imaginary part of the φ field has a mass larger
than the Hubble scale during inflation, and it settles to zero vev.
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m2
HˆI
=
2κ2M2 + 2λ2ϕ2
(1− ϕ2
6
(1 + χ))2
(A.6)
+
2κ2M4
3(1− ϕ2
6
(1+χ))2
+
λ2ϕ4
6(1− ϕ2
6
(1+χ))2
(
1 +
2χ(1− ϕ2
6
(1 + χ))(1+ κ
2M2
λ2ϕ2
(1 + χ))
(1 + ϕ
2
6
(1 + χ))2
)
.
In the limit of χ→ −1,
m2
HˆI ,HˆR
= ±2κ2M2 + 2λ2ϕ2 + 2
3
κ2M4 − 1
6
λ2ϕ4 , (A.7)
where the first two terms are the global SUSY mass terms for the waterfall fields. The
last two terms provide the supergravity corrections suppressed by M2pl. In particular
the last term in the above expression makes the waterfall mass tachyonic for large
inflaton field values ϕ >∼Mpl. On the other hand, the tachyonic instability for small
field values, at ϕ2 < ϕ2c ≤ κ2M2/λ2 indicates the usual waterfall instability which
ends inflation. Thus the requirement of a viable waterfall mechanism limits the
inflaton field range. As we move away from χ ' −1, the field range for which
the mass for the waterfall fields remain positive shrinks further, introducing the
necessity to fine-tune the initial value of the waterfall field, until finally it even
becomes impossible to account for 60 e-folds of inflation.
However, in order to achieve a sufficient flattening of the scalar potential in the
Einstein frame, as discussed in Sec. 5, we need sufficiently large values of φ2|1− χ|.
In this sense, the observed destabilization of the waterfall field at large field values
prevents us from constructing a viable inflation model.
One might hope to resolve the problem of the tachyonic instability in the waterfall
field mass at large inflaton-values by adding a term −ζH |H|4 term in the frame
function of Eq. (A.2), as for the stabilizer field X. However, this will also prevent
the desired destabilization of the waterfall field at ϕ < ϕc, an essential feature of
tribrid inflation.
We point out that on the contrary, in the n = m = 2 case discussed above, the
the waterfall field is not destabilized at large inflaton values. This can be understood
by looking at the second line of Eq. (4.6), which yields a negative mass term for H
for n = 2, m = 1 but not in the case n = m = 2.
In all tribrid models, once the auxiliary field is stabilized, it has nothing to
do with the field dynamics. Now as the critical point is approached where the
waterfall transition has to take place, the non-trivial dynamics is governed by two
fields simultaneously. So in the two-dimensional (φ,H)-space the requirement of
V∆SUGRA to be zero in φ-direction (i.e satisfying the conditions of Eq. (4.6)) alone is
insufficient to comply with the dynamics. We recall that the usual hybrid inflation
model given by Eq. (4.10) is also difficult to implement in this framework as the
imaginary component of the complex inflaton field has a tachyonic mass [35].
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